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(54) Polymer f Im for wrapping a stent structure 

(57) The drijg^oadedstertt (20) includes an e 
able stent structural member (22), and a planar sheet 
(24) tfrxryrra« material attached (26) to the outside of 
the expandable stent structural member (22). The pofy> 
meric material #4) preferably is bt oabso rfaabie, and 
loaded or coated with a therapeutic agent or drug to 
reouce or to prevent restenosis in the 



treated. The polymer material (24) can be anacneo to 
the metal stent at one or more points (26). and wrapped 
in a coi around the stent in an unexpendjed state, to 
uncoB and expand m diameter to substantia^ match the 
expanded diameter of tfie metal stent or can be wrapped 
tightly around the stent structural member (22) and 
attached to itself, to stretch radialy when the start struc- 
tural mernber is exparic^. In an^ 
embc<firnenL a coirt)inatm 

and a pcrjrrneric film wrapping can be provided with a 
coating of lubricious materiaL The lubricious material 
pan be polyethylene oxide, poryethyierie poiyetrv 
yiene acetate, polyvinyl pyrrofcdone, polyvinyl alcohol, 
polyacryiamide. hydrophKc soft segment urethanes. 
some natural gums, paryanhydndec or other stater 
hy*oph»c polymers, and combinations thereot The 
layer of lubricious material (120) protects the stent from 
the guide or the body lumen in which the stent ai averted 
by pewiefng a low fricticfisun^ ever the stert 




FIG. 3 
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Description 

py ^ROUND O F THE INVENTION 

Thie invention relates generaly to expendable inta- 
luminal vascular grafts, generally referred to as stents, 
and more particularly concerns metal stents wrapped 
with a polymer film capable of carrying and releasing 
therapeutic drugs. 

r^fctoofRelatedAl 

Stents typicaly are implanted within a vessel in a 
contracted state and then expanded when in place in the 
vqssdinort^tonraintainpatenc^ofthevessdtoaJ^ 
fluid now through the vessel. Idealry.invlaritationofsuch 
stents Kaccompfehed by mounting the stent on the bet- 
loon portion of a catheter, positioning the stert in a body 
lumen, and expanding the stent to an expanded state by 
inflation of a baloon within the stent The stent then can 
be left in place by deflating the baHoon and removing the 
catheter. 

Stents commonly have a metafic structure to pro- 
vide the strength required to function as a stent but typ- 
icaly do not provide for the defcvery of located 
therapeutic pfianracologM 

location being treated with the stent Polymeric materials 
capable of absorbing and releasing therapeutic agents 
may not fuW the structural and mechanical r equke- 
merits of a stent espedaty when the pciymerfc materi- 
ais are loaded with a drug, because drug-toaotng of a 
p<>rytTiencrrateriaica^ 

and mechanical properties of the polymeric materiel 
Because it often is useful toprovide lc*aizedtherapeu*c 
pharnvcotogical treatment of a vessel at trie location 
bekig treated wim the stent rtwouW be desiratteto<»rr^ 
bine such pofymenc materiais with existing stent struc- 
tures to provide a stent with the capability of absorbing 
therapeutic drugs or other agents, tor placement and 
release of tie therapeutic agents ei a specifc ir*avas- 

fflMMAflY QF THE INVENTION 

Briefly, certain preferred errtxxSmerts of the 
present invention provide tor a stent wrapped wilh a pol- 
ymer flm capable of carrying and releasing therapeutic 
agents. Because the pdymerflm is wrapped on the out- 
side* tie stars, and i* not rieeded to 
sfrength to assist in opening the flow path of the vascu- 
lature or other body lumen where the stent is to be 
placed, the drug-conlaining sectkaicanbespedafytor- 
mulated tor its specific function of defivering drugs 
localyThe stent can be used in coronary arteries or any 
other part of the vasculature or other body lumen where 
mechanicaJ opening force is necessary or desirable to 
keep the vessel open or to maintain the stent flush 



against tie lumen waft and where an anaVestenosis, 
antt-proHeratrve or other type of therapeutic drug or 
agent smrilajieousty is to be posafened and cifhjsed. 
Particular ernborJments accordingly provide for a 

5 dug-loaded stent comprising an expandable stent 
structural member, and a planar sheet of poryrneric 
material deposed on the outside of the expejxJaise star* 
structural member. The polymeric material preferably is 
btoabsorbable, and preferably* 

10 inatedwMatherapeijfcaoe^ 

vent restenosis and thrombosis in the vessel being 
tested. The polymer material can be a thermoplastic or 
an elastomer , for example, so that the fim can stretch or 
deform radttty when the stent structural member is 

ts expanded The fim of porymer material can be formed 
asasoMsheetacaninccfporaterioles 
and shapes to promote rapid endotheeaJ ration. 

The porymer fim preferably rs mounted to the stent 
structural member, and in a presently preferred ambod- 

20 imenttr»poryniertwncanb«a^ 

stent structural member in an unexpended state by 
adhesive or by heat seeing, with the stent structural 
member sandwiched between internal arid rtemal lay- 
ered flm heei sealed around tr^^ 

25 ber, or mtchanicaty, as by such a mechanical 
comecton as hooking one or rr^ 
ban of the polymeric material through a ccfrespcmdtog 
slotted portion of t* stent sfructuraJ member, or with a 
metal cap. The porymer material can be attached to the 

» stent structural member at one or mora points, and 
wrapped in a col around the stent in an urHwpanded 
state, so that the cSameter of tie outer coied flm would 
uncoi and expand in dametor to match thedtameterof 
the metal stent When coiled around the start statural 

as merrtoer.triecoiedpdym* 
6» transverse to the longilu^ 
stent is coied to auxjiiwnodate possfcle uneven expan- 
sion of tie underlying stent stucturaJ mentoer* 

In another presently preferred emboc%ner*,fhepo>- 

40 ynierrriatenafcanbeattactiedtoan 

tural member with an intarfarence fit by tightly wrapping - 
the porymer fim at least once ckcumfer enfiaiy around 
the i stent structural member in an unexpanded state and 
attaching the porymer flm to itself to farm a sleeve 

45 anxrt the start structural rriember. such as by healing 
and meting the fim to toe* aotiesrve baidrng^ soVert 
boncing, bonefng one or nxiroslr^ofde^rjoryrneric 
material on the outside edge of t* pdymeric fim wrap 
to secure K or by mechanical fastening, such as by a dep. 

so tooriecunentry ur sJerr e deii**^^ 

material can be attached to an existing stent stnjctural 

member by hooWngone or rtwes^ 

of the polynierfc material twou^ 

ted portion of the stent structural member. tightly wrap- 

55 ping the polymer fim at least once cfrcurreerentialy 
around the stent structural rnantoer in an unexparxted 
state to form a coi of layers of the pc^ymerfc material, 
and securing the layers in a tgjity wrapped col. The coi 
cunanty is preferably secured in a tghtty wrapped coi 
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by adhesive bonding, typically by an adhesive such as a 
copolymer of poiy-L-tectic acid (L-PLA) and polycapn* 
actone (PCL). although other adhesives. heat bondmg, 
solvent borxfing. or one or more mechanical fasteners, 
such as with a metal cSp. for example, abo may be suit- 5 
able. Alternatively, the coi can be secured to a tightly 
wrapped coil by attaching one end of at least one piece 
of elastic material to an exterior end portion of the col of 
polymeric material, and attaching the other end of the 
elastic rraterialtoapoftion of me exterior of t^ 10 
coil of polymeric material. The elastic material stretches 
to allow the coa of polymeric material to uncoi as the 
stent is expanded. 

In another currently preferred embodiment, a com- 
bination of a stent structural member and a polymeric w 
film wrapping can be provided with a coating of lubricaous 
material The Iubrioou6 material currently preferably 
comprises a mixture of polyethylene erode and polyeth- 
ylene glycol, although other types of hydrophiic poly- 
meric materials such as polyethylene acetate, polyvinyl so 
pynolidone (PVP). polyvinyl «lcohci pofyacrylarmte, 
hydrophific soft segment urethanes. soem natural gi*ns 
such as gum arabtc gum tragacanth and the Bee, pory- 
anrtydrides or other simflar hyorophlic polymers, and 
combinations thereof, also can be used. The tubricxxA 55 
coating currently preferably is appfied over a stent-and- 
pcfymer-fibn-wrap ccmbination by dipping the wrapped 
stent in toe hydrated. liquid lubricious material. The layer 
of kjbricfous material protects the stent from the guide 
catheter or the body lumen in which the stent is inserted so 
by providing a tow friction surface over the stent 

These and other aspects and advantages of the 
invention w» become apparent from the following 
detailed description, and the accompanying drawings, 
which Wustrate by way of example the features of the 35 



BRIEF DESCRIPTION OF tup nrm m $ 

FIGURE lis a cross-sectional view of a first embod- 40 
iment of the stent structural member and ffcn of pol- 
ymer material of the drug-loaded stent of the 
invention shown in an unexpended state; 

FIG. 2 is a cross-sectional view of the drug-loaded «s 
stent of FIG. 1 shown in an expanded state; 



FIG. 3 is a perspective view of the drug-loaded stent 
of Fia 1; 

FIG. 4 is a perspective view of an alternate embod- 
iment of the drug-loaded stent of Fia 1 having aper- 
tures in the exterior sheet of polyrneric material; 

FIG. Sisaaoss-sectional view of a second ernbod- 
roent of the drug-loaded stent of the invention, 
shown in an unexpended state; 



TO6isaperspectK*viewofa^ 
iment of the drug-loaded stent of Fia 5 having aper- 
tures m the pcfvmeric nreteriaJ; 

TO. 7 is a a«*-sectfonaJ view of an alternate 

embcxfimentofthecirug-loade^ 

ing multiple wrappings of the polymeric material; 

Fia8isanerevationaJvfewofarep^ 
structural member, shown in a vessel; 

FIQ9feaplanvtewofasheetofpofymenc 
in another alternative enrtxxfiment inducing efestic 
stnps tor securing the polymeric material wrapped 
around a stent structural member; 

FIG. 10 is a cross-sectional view of a drug-toaded 
stent wrapped with the polymeric material of FIG. 9; 



Fia 11 is a 
stent of FIG. 10: 



view of the ©rug-loaded 



FK3.l2rsaplanviewofasheetofpolymencmat 
rial in a further alternative emboftrtemindudmgan 
elastic strip extending the width of the polymeric 
material for securing the polymenc material when 
wrapped around a stent structural member;; 

FK3. 13isaperspe<^\n^ofaorug^c^eds^ 
wrapped with the polymeric material of FK3L 12; 

FIG. 14 is a plan view of a sheet of polymeric mate- 
rial in a further alternative embodiment fodudfog 
attachment tabs for securing the pcrymenc material 
to a stent structural member; 

FIG. IS is an elevational view of a drug-toaded stanj 
wrapped with the sheet of polymeric material of FIG. 
14arrirTxxjrTiedc>nabaJk>cn 
delivery; 

FIG. 16 is an enlarged partial sectional view of the 
drug-loaded stent of FIG. 15 showing the sheet of 
polymeric material wrapped around a slotted tube 
stent structural member; 

Fia 17 is an elevational view of the oVugtoaded 
stent of FIG. 15 covered with a layer of a lubricious, 
riydrophflic polymeric coating; and 

FK3. 18 is a partial sectional view of the c*ug-toaded 
stent of TO. 17. 



PETAIIEP DESCRIPTION OF the EBEB5BBEQ 

55 EMBODIMENTS 

Stents that have a metaOtostructuetyptcaJlydorKit 
provide for the defivery of located therapeutic cVugs n 
a brood vessel, whte polymeric materials that can be 
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used for drug defivery may not fuWI the structural and 
mechanical requremente of a stent to hold open a body 
lumen. Porymeric materials used tor the <k& function ol 
structural support and for absorbing and releasing ther- 
apeutic ac^*^ may rxrtfulWerew s 
because oftjg-toadtog of a polymeric rnaterial cot signif- 
icantly affect the structural and mechanical properties of 
the pdymeric material, and tit ab«ty to absorb and 
release toerapeutic agents or drugs can affect structural 
characteristics. ro 

Acccrdtogry, as shown in FIGS. 1-4, one ernborj- 
ment of Ihe present invention provides tor a sterrt 20 fiat 
can be oVug-toaded. comprising an expandable stent 
structural member 22. and a planar sheet or fern 24 of 
pc4ymeric material, turtrierdescn^ « 
embodiment ts attached to the metal stent at one or mora 
points of attachment 26. and is wrapped to a coil around 
the stent in an unexpended state. The polymer material 
can be extruded as a thin fim. and any processing can 
be donewhie the material is ma flat sheet form. 20 

The attachment of the tarn of polymenc rnmenaJ 24 
to the stent structural member 22 in an unexpended state 
can be by adhesive; heat sealing such as with the stent 
statural member sandwiched between internal and 
external layers of fim heat-sealed or otherwise Ian* 2s 
nated around the stent structural member ; by mechani- 
cs conmx^ such as by rxx^ c<» c* . 
an edge portion of toe rx)lymerfo material thro^ 
responding slotted portion of the stent stnjctoral menv 
ber. as wfll be described forther belo* or wim a m » 
dp, for example. TheHm of rxxymerfcrnaterial also has 
a free end 28. and can have one or more sits 30 in the 
polymeric flm transverse to the axis 32 of tie stent to 
accommodate possWe uneven expansion of the under- 
lying stent structural member. The planar sheet of poly- * 
meric material preferably is adapted to uncoB and to 
expand to match the expansion of the stent sfructuraJ 
member. The planar sheet of rxxymerfc material can be 
a solid sheet or can have a surface def ining a ptoraity 
of apertures 34 of various sizes and shapes to promote 40 
rapid endothefiafzation. as is lustrated in FIG. 4. The 
stent can be mounted on a baloon dtetabon catheter, 
tor deployment of the stent in the vasculature of a patient 

As is Rustrated In FIG. 5. in a second embocSment 
of the stert 40 that can be drug-loaded 45 
prises a stent metal structural rnernber 42. and a pfanar 
sheet or fim of porymeric inateriaJ 44, further described 
below. The fim of polymer* 

has a first end 46 forming a first layer 47 of the polymeric 
material, and a second end 48 overiarjptog the first end so 
formtog a second layer 49 and attached to toe first layer 
of the polymeric fim, preferably by heating and melting 
the Urn to itself to torm a tongjtuolnel heat seal borid 50 
between the first and second layers. Attachment of tie 
two outer layers of the polymeric fim ateocanbeacconv as 
pished by adhesive bonding, solvent boning, or one or 
more mechanical tasteners, such as wrto a metal cap. tor 
example. In this errtxxfrnent. the planar sheet of poly- 
meric material preferably is wrapped circumferential 



and cinched tightly as a sleeve around the stent struc- 
tural member, and thus is attached to 
rnernber by an intervene* fit to an aWerwthre emborJ- 
merit itostrated in FIG. 7. the f^lyrnenc rnaterial cot be 
wrapped multiple times around the stent to form mutfcle 
layers that can be joined together as oescrtoed wito ref- 
erence to Fia 5 to form a tube arourxJ toe stent Alter- 
natively, the puly meri c material can be formed as a 
seamless tube or sleeve to fit tightly around theunex- 
panded stent structural rnernber. 

Trie primery function of tie sheets 
rial is to deiver therapeutic agents or dhjgstohefcpre- 
vent thrornbosis anoVor restenosis. The planar sheet of 
porymeric material preferably is selected from tta 
of polymers consisting of themior^astfc an! elasfonienc 
polymers, so that toe rx)lym^ 
racSaly when the stent sftructoraf rnernber fo expended 

As is shown in FIG. 6, the planar sheet of polymeric 
material ateocan have a surface defring a ptorafity of 
apertures 52 of various sires and shapes to promote 
raptfendc^eiaiizatxxx 

trated to Fia 4. The stent can be mounted on a baloon 
oaatatton catheter, tor o^ploymert of the stent to the vas- 
culature of a patient 

to each of these erntxxfcnents. the stent structural 
member is of toe type that can be inplanted wrthin a ves- 
sel m a contracted state and expanded to maa^ 
ency of the vessel and to aftow fluid flow through toe 
vessel, such as toe expa nrJng stents avaiabre from 
Advanced CarrJovascufar Systems, Inc.. Santa Clara, 
CA (ACS), toe Johnson & Johnson Corporation 
PaJmaz-Shatz stents) Cook eicorporated (fcft, Qae> 
turco stents), and toe tte. The metal structural rnentoer. 
tor exanxDle. can be formed from a metal selected from 
the group of metals consisting of stainless steel. MP35N. 
MP20N. elastinfte (n»nol), tantalum. rfckeMaOTium 
aloy. rjtatinurrHridtom aioy. gold, and magnesium. 
aJtrwugh the stent structural rnernber ato cot 
of suitable non-metaBc materials. "MP35W and 
-MP20N" are trade names for aJtoys of coba*. nickel, 
chromium and mdybdenum that are avatfable Irqrn 
Standard Pressed Steel Ca of Jersontowa Parwsylva- 
nia. MP35N consists of 35% cobafc. 35% nickel. 20% 
nickel. 20% chromium, and 10% molybdenum. 

A representative stent stojctoral member 60 with 
which a sheet of polymeric material cot be cxxTtoined 
according to one entxximent of the invention ts etoe- 
trated in Fia 8. In one preferred errtoodtoiert. the stent 
structural member 60 can be formed of metal, and com- 
prises a plurality of redely expandable cylindrical ele- 
ments 62 deposed coaxtaly and irteconnected by 
members 63 oTsposed between a^acert qfOndhcal ele- 
ments. Trie stert stnxtoral merrtoer la 
covering sheet of polymeric material to a typical setting 
within a vessel 65. for repairing a detached vessel intog 
66, tor example, and tor rTtairxatoing the patency of the 
vessel 

The rxxyrneric material preferably is selected from 
thermoplastic and eiastomeric poryrners. In one cur- 
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rently preferred embodiment the polymeric material can 
be a material available under the trade name XM=tor 
from Concept Polymer Technologies of Largo, Florida. In 
another currently preferred embodiment the polymeric 
material can be ethylene vinyl acetate (EVA); and in yet 
another currently preferred ernbocBment the polymeric 
material can be a material avaBabfe under the trade 
name "BOSPAN.* Other suitable polymeric materials 
include latexes, urethanes, potysioxanes. and mocfified 
styrene-ethyleneVbutylene-st^ene block copolymers 
(SEBS) and their associated tamtfes, as we* as etasto- 
meric. bfoabsorbable, linear aliphatic polyesters. The 
pdymeric material typically can have a thickness in the 
range of about 0.051 to 0508 millimeters (about 0.002 
to about 0.020 inches), lor example. The polymeric mate- 
rial preferably is bfoabsorbaWe. and is preferably loaded 
or coated with a therapeutic agent or o^ including, but 
not Smiled la. antiplatelets, antrthrombins, cytostatic and 
antiproliferative agents, lor exsnrple. to reduce or prevent 
restenosis in the vessel being treated The therapeutic 
agent or drug preferably is selected from the group of 
therapeutic agents or drugs consisting of soolum 
heparin, low molecular weight heparin, NrucSn. arga- 
traban, kxskolin. vapiprost prostacydin and prostacyc- 
lin analogues, dextran, D^he-prc*ergcMc«o- 
methylketone. dpyridarnole, glycoprotein UMIta platelet 
membrane receptor antibody, recornbiaant heudn. 
thronnbin inhibitor, angjopep&i, angiotensin converting 
enzyme inhfcrtors. (such as Captopri. avaJable from the 
Squib Corporation; Cflazapri, available from toe Hoff- 
man-La Roche Corrpany;orUstoopri.a 
Merck Company) caldum channel blockers, colchicine, 
fibroblast growth factor antagonists, fish oi. omega 3- 
fatty acid, histamine antagonists. HMG-CoA reductase 
inhfchor. methotrexate, rnonoclonal anttxxSes. nttn> 
Pnjsskte, phosphoalesterase fchirftors. prostagtancfn 
inrtfcitor. seranin, serotonin blockers, steroids, thiopro- 
tease tohfcrtors, triazolopyrinridine and other POGF 
antagonists, a^pha-interferon and genetcaiy engi- 
neered eprthefial ceOs, and combinations thereof. Whie 
the foregoing therapeutic agents have been used to pre- 
vent or treat restenosis and thrombosis, they are pro- 
vided by way of example and are not meant to be Smiting, 
as other therapeutic drugs may be developed which 
ec^areappicabletorusewitotte 

In another cunentty preferred errtoco lm en t *us- 
trated fin FK3& 9-13, the stent 70 that can be drug-toaded 
comprises a stent metal structural member 72, such as 
the stent structural member 60 Bustrated tor example in 
FIG. 8, and a planar sheet or flm of rxtymerfo nntenat 
74.preferabryirx*jc^aplura«yrt 
be explained further below. Trie potyinerto rnalertel can 
be attached to an existing stent structural member by 
bgfitywrappirxjthepofy^ 
eraWy multiple times, circumferentiafy araxid the stent 
structural member 72 in an unexpanded state to form a 
coi of layers of the porymeric material. The flm of poly- 
meric material in this entxxfiment has an interior end 76. 
multiple wrappings for mirxj a plura% of layers 77 of the 



polymeric material, and an exterior end 78 overtappmg 
the mUtiple layers. The coi of porymeric material prefer- 
ably is secured snugty over the stent structure by at least 
one piece or strip of elastic material 80. One end 82 of 
5 at least one such piece or strip of elastic material is 
attached to the exterior end portion 78 of tocoi ofpol> 
ymerfomaieri8J,andanoppos^ 
elastic material is attached to another portion 84 of tie 
exterior of the wrapped coi of pofyrnericmatertt. across 
io the edge of the exterior end portion 78 of the coi of pc* 
ymeric material, to secure the coi on the stent In one 
cunentfyprefenedenrtxxirr^ 
the coil of polymeric material advantageously can be 
secured on the stent structural member by two s*ps of 
15 such elastic material Ac^c)nal str^ c< elastfo materiel 
also can be used to secure the coil of polymeric material, 
as needed. The elastic material stretches to alow the 
coi of polymeric material to uncoi as the stent is 
expanded, to a currently preferred embocSment, toe 
20 strips of elastic material are heat-bonded to the coi of 
polymeric material. Attachment of the elastic material 
alsocanbeacconpfcr^byo 
bonrjng. or by one or more mechanical fasteners, such 
as with a metal dip, tor example. In this embodiment, the 
2s planar sheet ofpolymerfc material preferably is wrapped 
drojrTtererXiafy and cinched bghfy as a sleeve around 
the stent structural member, and thus fe attaches? to toe 
stent structural member by an interference fiL 

In a currently preferred alternative ernbor Jr rwnt 
» shown in FK3SL 12 and 13. sjrnftar to that isustrated In 
FK3& 9-11. toe elastic strip of material 80 can extend 
and be bonded along the entire width of trie exterior end 
78 of the coi of polymeric material as is shown to FK3L 
12, and can be bonded to the ot h er portion 84oftheexte- 
* rkx of the wranped coi of polymer 
edoetftheffirtenorendporto 
material, to secure the coi on toe stent, as is iiustrated 
in FIG. 1 3. The strp of elastic material also can be per- 
forated, such as with apertures 88 formed in the strip of 
40 elastic material for example, to decrease the crocs-sec- 
tional area of the elastic material and thus to permit the 
elastic material to stretch more easiy. Trie pctfyrnerfc flm 
material also cunentiy preferably includes a plurality of 
apertures 88 so that the polymeric material fe porous, to 
45 alow blood to flow through the ster* sfructural mentor 
72 to the vessel watt, such as for oxygenation of and 
nutrient exchange win toe vessel wal, and in order to 
present a decreased surface area for purposes of reduc- 
ing throrrtooarik^Tte 
so tofity of the porymeric material. Blowing the stent 
segment to be more easiy rolled and uncoied during 
expansion of the stent stnxauraJ member, a/xJ also iaci- 
itete the process of eel growth over the surface of the 



stent 



The primary tonctton of the sheet of porymeri c mate- 
riaJ 24.44.74 is to defcver therapeutic agents or drugs to 
hefe prevent thrombosis andfor restenosis. The planar 
sheet of pofyrneric material preferably is selected from 
the group of polymers consisting of thermoplastic and 
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etastomeric polymers, that however can be substantiaJry 
inelastic so as not to tee a significant part of their tieck- 
ness during expansion of the stent structural member, 
such as polycaprofactone. lor exanpt* alONwng a high 
upper thresta*! for the am^ 5 
can be loaded in the rxxymeric material and deivered. 
The inelastic porymeric material currently preferred is of 
a ttdmess that w* guarantee dnjgcWvery over at least 
ap prood mat ely a seven-day period, which currently Is not 
posstte with radiafyaxpancSng elastic Urns. In the to 
erntxxtiment austrated in RGS 9-13. an inelastic drug- 
loaded polymeric material is cumantry preferred which fc 
no greater than about 0.0508 mftrneter (0.002 inch) 
thick, and typicaiy appraxirnately » 0.0381 to 0.0508 mil- 
limeter (0.0015 inch to 0.002 inch) thick, to prevent the is 
profie of the stent and wrap of polymeric material torn 
becorring too large- The elastic portion of the sleeve of 
polymeric material keeps the coiled polymeric «m 
secured snugly over the expandable stent structural 
member, so that the polymeric material can be appfied 
over the stent structural member without the need for 
additional internal points 

tura) member. The elastic portion of the sleeve of poty- 
meric material also keeps tenston on trie coied. inelastic 
dnjg-contaWng material wh8e the stent structural riieiiv 
ber i6 expancting, without provirJng so much resistance 
so as to impede expansion of the stent structural mem- 
ber, or the unroBng of the inelastic poryrrierfc material. 

The elastic strip of material can be jc^ 
rior or exterior of the end portion of the cxxTedpctymeric 
material. The elastic material attached over the coi of 
porymeric material helps keep the coi d drug-feaded 
material snug on the stent structural menfcerbetorelis 
expanded, and guides its linear expansion during Mia* 
tion of a balloon dPatation catrieter usedloro^ployrrient 
of the stent and polymeric c*ug-k)aded material in the 
vasculature or other body lumen of a patient 

The elastic material currentiy typicaiy is forrned of 
ethylene vinyl acetate, but also can also be formed of 
aticone polymers. The oYug-loaded layer of porymeric 
material and the stent structural 
of the mat er ials as described above in the previous 
emboolments. 

In another alternative errtoorJment Mustrated in 
FIG& 14-16. another preferred typeof stent 90 that can 
be drug-loaded corrtirises a stert 
ber9e.trtatfcxexarnple.<wbeastotted 
stent havingarjiuratty of slotted operengs 91 and struc- 
tural rtis 93 as fe Mustrated in FO. 16.suchasisava» 
able from Advanced Cantiovascutar Systems* in 
combination witi a planar sheet or fern of polymeric 
material 94. The stent structural rnember also can be 
other types of stents that pr eferabry have a relasvery sig- 
nficant proportion of space provided by opening slots, 
or the Ike in the otherwise sold material of the stent 
stucture. The polymeric material can be attached to 
such a stent structural member by tightly wrapping the 
polymer fern at least once, and preferabfyrrwlliptetime^ 
crcumferentiaJry around the stent slrudural rrwrnber 92 



in an unexrjanded state to farm a coi of layers of the pol- 
ymeric materiel The fim of polyrrierfc rrntarial w tiia 
errfcotiment has an interior end 96 wto at lea* cm 
attachment member or tab 100 adapted to be received 
in openings 91 of tits stent statural member and 
thereby attached tothe stent structural memiber.arrfrjro^ 
vfcfes multple wrappings forrrwig a pluraity of layers 97 
of the polymaric material, with an exterior end 98 over- 
lapping the ntenor n*Jtip*e layers. As is shown in FIG. 
14. the pdymericfim of material curentty preferred has 
a pturaity of attachment tabs 1W. arid typicaiy has two 
of such att ac hmen t ta b s. €ach attacftrrtrt tab cu^ 
preferably induoas an aperture 101 therethrough which 
is adapted to receive and to hook onto a structural rt) 
portion 93 of the stent structural menixer. Trie atlach- 
ment tab also includes a sit 1 02 extenrjr^ 
ture 101 to the outer edge 103 of the attacrirnenttatxto 
alow the attachment tab to be hooked onto the stent 
structural member. After tie attachment tab is hooked 
atoaportfen off* stent saoic^ 
preferably is sealed dosed* such as by apptication of an 
adhesive material, typicatty a copolyrner of pofy^ 
acid (L-PLA) and polycaprolactone(PCL). other suitable 
adhesives. or by heat bonding. The cofl of porymeric 
material preferably is formed of a therrnorjlastic materiel 
such as pc^ycarxoiactone that can be dnxj-loaded. and 
can be wrapped and secured srwo^ 
ture by heat bonding the exterior end 96 to a/iotierpbr- 
tion of the exterior of tie wrapped coi of porymeric 
material asdescribed above. The por^neiicietaolrmle- 
rial tensions the attachment tabs a^thertort stroc^rt 
rrwrnber is expanded and as the wrapping of polymer* 
material uncois. to bias the attacfwiert tab extenrjng 
into the lumen of the stent strudirtrriernber against the 
inner surlace of the lumen of the stert structural nwrrtx* 
to insure that the atta chmen t tabs do not obsfruct the 
lumen with* trwstert struck 
the exterior edge of the porynierfc material to the wn^ 
ping of polyrneric material cunerttly preferably feacconv 
cashed by adhesive borxtir* typicafcV ly an ao*ee*a 
such as a copolymer of rx>ly4.-tactic acid (L-PLA) and 
pc4ycaprc4actone (PCL). aBhough other a«»esive«, heat 
bonding, solvent bonrjng. or one or more mecharscai 
fasteners, such as with a metal cup. tor exarnple, may 
also be suitable. 

In a cunendy preferred errajorjment the porymeric 
fim material typicaiy is aboU 0^0506 m»rrieter (about 
0.002 inch) thick, and also currenty preferably induces 
a plurafity of apertures 108 so that the rx)rymeric material 
isporous.toa*wbkxxltoiTowtvouc^ 
turai member to t* vessel wai. such as for oxygenation 
andriutriemexchanr^totta 
rxesentadeaeasedsuriace area tor purprjsaetfreduc- 
ingthrornboc^niciy. The apertures also irrsirovee^ 
bSty of the polyrneric material, aiowing fie stent 
segment to be more easiy rotted and urxxiedouring 
expansion of the stent structural member, and also to 
tacfttate the process of cei grow* over the surface of 
the stent 
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7heprin^furx^ofmeshGetofpolymerk:nrx^ 
riaJ is to defiver therapeutic agents or drugs to help pre- 
vent thrombosis anoVbr restenosis. The plarw sheet of 
polymeric material preferably is selected from the group 
of polymers consisting of themioplastic and eJastomeric 5 
polymers that may be inelastic, and that do not lose a 
signlicartt part of their thickness during expansion of the 
stent structural member. alloM^ a upper threshold 
tor the amount of one or more otugs that can be loaded 
in the polymeric material and defivered As is «ustrated w 
in FIG& 15 and 16. the drug-loaded stent can be 
mounted on an expandable beJtoon member 1 10 ofactt- 
atation catheter 112, near radopaque markers 114 of the 
catheter, tor deivery of the stent inan artery otherblood 
vessel, or other body lumen, such as through a protective Y5 
sheath 1 16. shown cutaway tor convenience of ifiustra- 
ttoa 

In another currently preferred embodiment «us- 
trated in FIGS. 17-18, a combination of a stent structural 
member and a pcfymeric film wrapping can be provided 20 
with a coating of lubricious material 1 20. The lubricious 
material currerrtfy preferred is a mixture of pofyethytene 
oxide and polyethylene glycol, provkfing both high and 
low molecular weight components in the lubricious mate- 
rial, although other types cf hydrophflic pofymeric mate- 25 
rials such as polyethylene acetate, polyvinyl pyrrofidone 
(PVP), polyvinyl alcc^ polyacrylamKfe hyoVophficsoft 
segment ur ethanes, some natural gums such as gum 
arabic or gum tragacanth and the tike, poryanhydridesor 
other similar hydrophfic polymers, and combinations so 
thereof, also can be used. The lubricous material also 
can carry an anfrftrcmbooenic drug that can be the 
same as, or complementary to, the antMhrorrfoogenicor 
am-prcf»erative drug or drugs carried in the pofymeric 
material of the stent 35 

The lubricious coating currently preferably is appfied 
over a stem-anoHx^ymeMUm-wrap ccn**iation by op- 
ping the wrapped stent in the hydreted. k^id lubnoous 
material. The kjbricious niaterial tyc«aty is prepared to 
besuriciertyvisctxjstoatk^ 40 
foentfy by a single ripping. The lubricious coating ini- 
tialyisG^es*ctywr»enappB^ 
arxx>stickytig#coccona 

helps to keep the polymer wrapping tig)&Vlmie the fcbr* 
cxxjs coaling is shew apr^ 45 
as that cf FIGS. 14-16. the lubricious coating advanta- 
aeousry can be appled to any of the foregoing wrapped 
stent co m b inat ions, and other suitable stents as weft. 
The lubricious coating becomes hydrated again upon 
exposure to the blood during deivery of the stent When so 
a sheath is used in the deivery system to protect the 
stent ouring defivery. the lubricious coating inmafly can 
be hydrated before contacting the blood by flushing the 
sheath with saline solution Due to the geMike nature of 
the lubneious coating, tie lubricious coating eventually 55 
dissolves in a short period of time, and typically will be 
completely degraded and dissolved by the time the stent 
is deployed and expanded 



The layer of lubricious material protects the stent 
from the guide catheter or the anatomy by pruvicting a 
lew friction surface over the stent If a sheath or sleeve 
is used tor delivering the stent the lubricious coating aids 
in refraction of the sheath by decreasing friction between 
internal and external layers of trie defivery system. The 
deployment of the stent also can be improved by 
decreasing friction between the stent and the bafoon 
used to deliver tie stent decreasing friction between the 
layers of the stent itself, or decreasing friction -between 
the vessel or lumen waft and the stent The need tor a 
sheath for protecting the stent during deivery also can 
be mitigated if the coating is of a thicfaiess suited to pro- 
viding a smooth transition through the deOvery system, 
and stfl provides a low profie of the uninftated, unem- 
ployed stent Alternatively, the lubricious coating also 
can be formed as a dried sheet cf lubricious material, cut 
into a strips wrapped in spiral fashion over the length of 
the pdymeric drug carrying wrapping artf borided to 
place by an adhesive such as a copolymer tfpoiy-t -tac- 
tic add (L-FLA) and potycaprc ta ctone (PCt), although 
other echesives, or heat bonding may also be suitable 
It thus has been demonstrated that the deserted 
emboolments provide a stent combining pufymeric mate- 
rials with stent structures with the capabiSty absorbing 
therapeutic drugs or other agents, for placement and 
release of the trterapeuoc agents at a spedfic intravas- 
cular site. A complex locking design is not needed, and 
the stent can be re-dBated if necessary. The pcfymene, 
oYugnxxTtaming section can be biodbeorbable, and can 
be specialty formulated for its spedfic taction Of detiv- 
ering drugs focal* since it is not necessary tor the pof- 
ymeric component to provide assistance to keeping the 
blood vessel open The polymeric material can be 
extruded as a fibn, using simple technology and cm be 
processed whfle the material is a flat sheet The stent 
can be used in coronary arteries or any other part of the 
vasculature where mechanical cper*^ force e neces- 
sary or desirable to keep the vessel open, and where 
antwesterxx^antHirotiferativeor 
peutic orucjs or agents can be useful to combatttog 
thrombose and restenosis. 

It therefore wil be apparent from the foregoing that 
whie particular forms of the invention have been Bus- 
tratedanddescrtoed. various maiTcaticTO can l» made 
without departing from the scope of the invention. 
Acccrcinpjy. it is not intended that the invention be Un- 
ited, except as by the appended dam. 

Claims 

1. AcVug-toadedstent cornpri si ng: 

an expandable stent structural member, and 
a planar sheet c4pofyrnerfo materia 
on the stent structural member, said polymeric 
material being loaded with a trterapeutfc agent 
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2. The drug-loaded stent of Claim 1. wherein said p*a* 
nar sheet of polymeric material is wrapped in a cofl 
around the stent structural member. 

X The drug4oaded stent of Claim 1 . wherein said pla- 
nar sheet of polymeric material is wrapped circum- 
terentiaty around the stent structural member at 
least one time, and said ptenar sheet of polymeric 
material is attached to itsett. 

4. The drug-loaded stent of Claim 1. wherein said pla- 
nar sheet of polymeric material is wrapped drcurrv 
fer enoaJry around the stent structural rnember at 
least one time, and said planar sheet of porymeric 
material is attached to the stent structural member 
by interference fit 

5. The drucHoaded stent of Claiml. wherein saidpia- 
nar sheet of polymeric material is wrapped drcunv 
ferentialy around the stent structural rnember at 
least one frne, and said planar sheet of pofyrneric 
material is attached to ihe stent structural member 
by adhesive. 

6. The druo-»oaded stent of Oatml. wherein said stent 
structural rnember has a surface defHng a plurafity 
of slotted openings therethrough and a ptarafity of 
structural ribs, said planar sheet of poryrneric mate- 
rial has at leas* one attachment tab r»a^ 

ture therethrough end a sit extending from said 
aperture to an outside edge of said attachment tab. 
said planar sheet of polymeric material being 
attached to me stent structural rnernber by Inserting 
said attachment tab into one said stent stent slotted 
opening and hooking said sift and said aperture of 
said atlacment tab to a structural rib of said stent 
structural rnernber. and said sheet of polymeric 
material is wrapped circumferentialy around the 
stent structural rnember at least one time. 

7. The drug-loaded ste* of Claim 

nar sheet of polymeric material is selected from the 
group of polymers consisting of thermoplastic and 
elastomeric polymers, whereby said Mm stretches 
radiaty when said stent structural rnernber is 
expanded. 

a *The drug-loaded stent of Claim 2. wherein said pla- 
nar sheet of polymeric materiai is 
and expand to substantially mate* the expansion of 
said start structural rnember. 

9. Trwdrug-loadedstentof OaJm 2, wherein said stent 
structural rnernber has a tontftuW aws, and said 
planar sheet of polymeric rnatsnai has at least one 
sit transverse to the axis of said stent structural 
rnernber to accommodate uneven expansion of the 
stent structural member. 



10. TheoYug4oadedstemc*<»^ 
apeutic ag^ is selected from tie p/o^ 

of therapeutic agents consisting of antiplatelets, 
an ta h ro mbin s, cytostatic and arrtiproHeratrve 
5 agents. 

11. Thedrug-loededstertofC^l.wr^^ 
apeutic agent is selected from the group of thera- 
peutic agents consisting of sodum heparin, tow 

io rnotecUar weight heparin. Nrucfci. argatroban. tor- 
skoin, vapiprost prostacyclnandproBtacyciri 
logues, dextran, P-c*ie-pro^arg-cl ilcroniethyl- . 
ketone, cSpyridamole, glycoprotein llVUta platelet 
membrane receptor antibody, recortxnant Nrutin, 

is throrrtxninhi^.angtopept^ 

ing enzyme inhibitors, calcium charwel btockers. 
colchicine. ftorottast growth factor antagonists, fish 
c^, omega 3-tatty acid, Nstamine 
CoA reductase inhibitor, methotrexate, monoclonal 

20 antbootes, rwtrcprusside, phospfxrfesterase inhto- 
iters, prostaglandfri InNbitor, serotonin blockers, 
steroids, thicprotease inhibitors. triazolopynn*fn*. 
POGF antagonists, aJphSHrterferon. geneticaJy 
engineered epHheial eels, and confti na iens 

25 thereof. 

12. The druprJoaded start of Claiml. 

structural member is farmed from a metal selected 
from the group of metals consisting of stainless 
so steel, tantalum, nickel-titanium aft* platfrurrHrid- 
iumas^.gpktr««nesa^ 

13. The drug-loaded stentof Oaim 1. wherein said pla- 
nar sheet rtpolyrnerfcmateriaJr^ 

as ing a pfuraRy of openings to promote rapid 
ai idot heiafaation . 

14. Thednjg^ooJedstsrtof C^ > 
nar sheet of porymeric rnateriai is coated with a layer 

40 ofhycVophttlubricic^ 

15. The drug-loaded stent of Claim 14. wherein said 
lubricous material is selected from the group con- 
sisting of polyethylene oxide, polyethylene glycol. 

45 polyethylene acetate, polyvinyl pyrrcfidone. pctyvi- 
nyt alcohol, polyacrytarrvde. riycfrophyfc soft seg- 
ment ur ethane, gum a/afaic, gum tragacarth, and 
combinatxxwthereol 

so 
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